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SUMMARY  PAGE 


THE  PROBLEM 

Previous  Investigations  of  the  radio-frequency  absorption 
characteristics  of  both  rhesus  monkey  models  and  man  models  have 
concentrated  on  homogeneous  models  composed  of  muscle-equivalent  material. 
The  results  of  these  experiments  on  simple  models  have  shown  more  complex 
absorption  patterns  than  predicted  by  theoretical  calculations  using 
prolate  spheroidal  models.  Since  the  actual  composition  of  a  man  or  animal 
is  far  more  complex  than  any  of  these  previously  used  models*  a 
heterogeneous  man  model  containing  simulated  skull  and  vertebrae*  brain 
material*  and  oral  and  throat  cavities  was  compared  to  a  homogeneous  model 
to  determine  if  these  internal  structures  altered  the  radio  frequency  (RF) 
absorption  characteristics  at  2.0  GHz. 

FINDINGS 

No  statistically  significant  differences  were  found  between  the  two 
cases  In  either  whole-body  absorption,  front  surface  temperature 
distribution,  or  specific  absorption  rate  (SAR)  profiles  in  the  eye  socket 
and  throat.  The  over-all  absorption  characteristics  of  our  man  model  were 
not  altered  to  a  significant  degree  by  the  Inclusion  of  these  Internal 
structures,  since  the  energy  absorption  at  2.0  GHZ  occurs  primarily  at  the 
surface. 

RECOMMENDATIONS 

We  recommend  that  the  specific  absorption  rate  profiles  in  the  eye  of 
the  bone  model  be  further  investigated  since  our  results  indicate  that 
this  area  had  the  largest  difference  when  the  two  models  were  compared. 
In  addition,  we  recommend  that  these  experiments  be  replicated  at  a 
frequency  near  whole-body  resonance  where  deeper  penetration  of  the  radio- 
frequency  energy  Is  expected,  and  the  presence  of  the  interior  features 
might  be  more  important  in  terms  of  SAR. 
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INTRODUCTION 


In  previous  studies  of  far-field  microwave  dosimetry  In  the  human 
body»  both  full-size  rhesus  monkey  models  and  man  models  were  used  to 
characterize  and  quantify  the  radio-frequency  (RF)  energy • absorption  (4,5). 
These  studies  have  used  homogeneous  models  composed  of  muscle-equivalent 
material/  and  experiments  with  rhesus  models  have  been  conducted  at 
frequencies  near  whole-body  resonance,  at  partial-body  resonance,  and  above 
resonance  for  the  three  primary  polarizations  E,  H,  and  K  (1).  The  results 
of  these  experiments  have  shown  higher  absorption  and  more  complex 
absorption  patterns  at  frequencies  near  whole-body  resonance  and  at 
partial-body  resonance. 

The  human  body  Is  far  more  complex  than  these  simple  homogeneous  models 
and  can  be  modeled  only  crudely.  Both  theoretical  calculations  and 
experimental  studies  of  more  complex  models  are  currently  being 
Investigated.  Early  thermograph  1c  studies  of  phantom  models  containing 
fat,  muscle,  and  bone-simulating  materials  In  stratified  layers  by  Guy  (2) 
revealed  different  absorption  characteristics  In  the  various  simulated 
tissues  and  reflections  from  the  interface  between  different  tissues.  In 
studies  of  multilayered,  spherical  models,  Weil  (7)  found  that  these  models 
absorbed  up  to  twice  as  much  energy  as  homogeneous  models  and  this 
enhancement  was  associated  with  tissue  layers  of  1/4  wavelength  thickness. 
He  concluded  that  these  multilayered  models  exhibited  resonant  coupling  of 
energy  by  outer  layers,  thereby  increasing  the  microwave  absorption. 

To  determine  If  Internal  structures  cause  a  more  complex  interaction 
when  Irradiated,  the  specific  absorption  rate  (SAR)  In  a  full-size 
homogeneous  man  model  was  compared  with  that  iri  a  man  model  containing 
simulated  skull  and  vertebrae,  brain  material,  and  oral  and  throat 
cavities.  This  comparison  was  restricted  to  the  upper-torso  of  the  man 
model.  Three  types  of  measurement  were  made:  (1)  thermographic  measurements 
of  the  front  surface  temperature,  (2)  calorimetric  measurements  of  the 
upper  torso  SAR,  and  (3)  temperature  measurements  at  depths  In  the  eye  and 
throat  from  which  SAR  profiles  were  calculated.  These  measurements  were 
conducted  In  the  far  field  at  2.0  GHz  with  the  E-field  vector  aligned  from 
head  to  toe  (vertical  polarization). 

No  significant  differences  In  absorption  were  found  for  any  of  these 
comparisons,  however,  both  the  eye  and  throat  SAR  profiles  showed  enhanced 
absorption  in  the  model  with  internal  structures.  Further  investigation 
may  he  required  to  reach  a  firm  conclusion  about  the  significance  of  those 
measurements.  Overall,  the  absorption  appeared  primarily  at  the  front 
surface  at  this  frequency,  and  the  presence  of  other  structures  in  tne  man 
model  did  not  affect  the  whole  body  SAR  to  a  significant  degree. 

MATERIAL  AND  METHODS 

Experiments  were  conducted  with  the  same  man  model  used  in  previous 
studies  of  the  full-size  man  model  (4).  The  man  model  had  a  height  of  174 
cm  and  a  mass  of  75  kg  and  was  enclosed  in  a  two-part  polyurethane  mold 
(Fccofoam  FP,  Emerson  and  Cummings).  Figure  1  is  a  photograph  of  the 
comr  left  rnun  mode1  with  the  front  half  of  the  mold  removed. 
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Figure  1 


Photograph  of  the  complete  man  model  In  the  polyurethane  mold.  The 
front  half  of  the  mold  has  been  removed. 


Only  the  upper  torso  was  used,  and  a  Styrofoam  dam  was  constructed  and 
placed  just  above  the  waist  level  to  prevent  the  muscle-equivalent  material 
from  entering  the  lower  torso  and  leg  regions.  Figure  2  is  a  diagram  of  the 
man  model  showing  the  location  of  the  dam,  the  various  model  dimensions, 
and  the  dimension  to  wavelength  ratios.  The  mass  of  the  upper  torso  region 
was  approximately  22  kg  In  both  models. 

The  muscle-equivalent  material  used  in  the  man  model  has  been 
previously  described  (5).  The  brain-equivalent  material  and  the  simulated 
bone  material  are  commonly  used  and  described  by  Stuchly  and  Stuchly  (6). 
The  brain  material  was  a  mixture  containing  62.6%  water,  29.8%  micro¬ 
polyethelene  powder,  7%  protein  gelling  agent  (TX-150),  and  .58%  NaCl. 
Figure  3  is  a  photograph  of  the  simulated  skull  and  vertebrae  shown  with 
the  skull  cap  removed  to  view  the  brain  material. 

The  simulated  bones,  cast  from  an  actual  human  skull  and  vertebrae 
section,  consisted  of  79%  Laminae  4110  (epoxy  resin),  20.72%  aluminum 
powder,  0.24%  Acetylene  Black,  and  Mek  Peroxide  (a  catalyst).  The  skull 
section  was  fabricated  with  a  removable  skull  cap  so  that  the  brain 
material  could  be  easily  Inserted.  In  addition,  the  optic  nerve  channels 
to  the  brain  were  simulated  by  drilling  holes  rearward  from  the  centerline 
of  the  eye  socket.  This  allowed  temperature  measurement  probes  to  be 
extended  into  the  brain  material.  Although  these  bones  realistically 
simulated  both  the  electrical  properties  and  the  shape  and  size  of  actual 
live  bones,  the  casting  process  was  much  too  crude  to  represent  the  finer 
details  of  bone  structure.  In  particular,  actual  skull  nasal  cavities  are 
far  more  complex  and  detailed  than  our  simulated  skull  could  duplicate. 
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Figure  3 

Photograph  of  the  model  skull  and  section  of  vertebrae.  The  cap  of 
the  skull  has  been  removed  to  show  the  brain  simulating  material. 


The  nasal  cavity  was  made  with  Styrofoam,  formed  to  approximate  shape, 
and  fitted  into  the  skull  to  simulate  the  properties  of  air.  Both  the  mouth 
and  throat  cavities  were  constructed  from  a  mixture  of  polyethyene  powder 
mixed  with  white  glue,  formed  to  shape  before  drying,  and  attached  to  the 
done. 

The  models  were  irradiated  in  an  anechoic  chamber  at  tne  far-field 
distance  (172  cm)  of  a  horn  antenna  at  a  frequency  of  2.0  GHz  with  the 
models  facing  the  anten  ia  and  vertically  polarized  (E-field  aligned  from 
head  to  toe).  The  irradiation  facility  has  been  previously  described  (4). 
Power  density  measurements  at  the  front  surface  of  the  models  were  measured 
with  a  radiation  monitor  (Narda,  model  8608)  to  determine  the  incident 
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field  power  density.  These  measurements  were  made  In  the  absence  of  the 
model^  but  at  the  position  the  model  was  to  occupy,  and  averaged  about  30 
mW/cm^ . 

The  upper-torso  average  SAR  was  measured  with  a  gradient-layer 
calorimeter  (model  SEC-A-3601,  Thermonlcs,  Inc).  The  measurement  procedure 
has  been  previously  reported  (5).  The  model  was  irradiated  for  20  min 
prior  to  the  calorimeter  measurement*  and  three  replicate  SAR  measurements 
were  made.  The  arms  were  removed  after  exposure  and  before  insertion  Into 
the  calorimeter  to  increase  the  sensitivity  of  the  upper-torso  measurement. 
The  front  surface  temperature  distribution  of  the  absorbed  energy  was 
measured  with  a  thermographic  imager  (UTI-Spectrotherm  Model  900)  after  a 
20-mln  exposure.  Comparison  measurements  of  the  model  prior  to  irradiation 
were  used  to  verify  that  the  mods!  was  at  a  relatively  uniform  temperature. 
These  thermographic  images  were  recorded  on  film  to  provide  a  qualitative 
view  of  the  front  surface  temperature. 

SAR  profiles  at  the  eye  and  neck  location  were  made  using  a  non- 
perturbing  temperature  probe  (Vitek*  model  101  Electrothermia  Monitor). 
About  1-cm  diameter  holes  were  drilled  In  the  front  half  of  the  mold  at  the 
eye  and  throat  location  through  which  the  temperature  probe  was  Inserted. 
The  probe  shaft  was  taped  to  a  wooden  dowel  and  advanced  Into  the  tissue 
material  In  centimeter  Increments.  The  rate  of  increase  In  temperature  was 

recorded  on  a  graphic  recorder  for  exposure  times  ranging  from  1  to  5  min 

as  required  to  produce  at  least  0.2  °C  temperature  rise.  The  local  SAR  was 

then  calculated.  This  procedure  was  performed  at  various  depths  from  the 

front  surface  to  provide  a  SAR  profile  of  the  energy  absorption  at  the  eye 
and  throat.  Throe  replicate  profiles  were  obtained  at  each  location  using 
fresh  batches  of  muscle-equivalent  material  and  brain  material. 

RESULTS 

Absorption  of  the  bone  model  was  about  10%  less  than  the  homogeneous 
model  in  the  upper  torso  SAR  measurements.  A  normalized  SAR  of  0.048 
(W/kg)/(mW/cm2)  was  measured  for  the  homogenous  model  versus  0.044  for  the 
bone  model.  This  difference  was  not  statistically  significant  (t  =  0.78* 
p  >  .24,  df  =  4). 

Figure  4  is  a  typical  pre-exposure  thermogram  of  the  man  model  to 
verify  that  the  model  was  fairly  uniform  in  temperature  prior  to  the 
exposure.  Figure  S  is  the  postexposure  thermogram  of  the  homogeneous  and 
heterogeneous  models.  While  this  comparision  is  strictly  qualitative,  no 
large  differences  between  the  two  models  are  evident.  The  bone  model  had  a 
warm  area  at  the  nose,  but  replicate  thermograms  do  not  consistently  show 
this  result.  The  warm  areas  on  each  side  of  the  throat  appeared  identical 
in  both  models.  The  distortion  of  the  head  in  Figure  5  is  caused  by  a 
scanning  defect  in  the  thermographic  camera,  but  does  not  affect  the 
temperature  indication. 

A  SAR  profile  comparision  of  the  two  models  at  the  eye  location  is 
shown  in  Figure  6  at  various  depths  from  the  surface.  Both  curves 
illustrate  the  exponential  decrease  in  absorption  characteristic  of  surface 
heating,  but  the  bone  model  shows  higher  SAR.  These  two  curves  were  not 
significantly  different  (F  =  3.14,  p  >  .08,  df  -  1,  20). 
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Figure  4 

A  typical  pre-exposure  thermogram  of  the  man  model. 


NO  BONES  BONES 


Figure  5 

Postexposure  comparison  thermograms  of  the  front  surface  temperature 
of  the  homogeneous  and  heterogeneous  man  model.  Light  shades  Indicate 
higher  temperatures. 
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Figure  6 

SAR  profiles  In  the  eye  of  the  homogeneous  model  (circles)  and  the 
heterogeneous  model  (squares). 


Figure  7  shows  a  comparison  of  the  SAR  profiles  at  the  throat 
location.  Although  the  difference  was  not  significantly  different/  the 
boned  model  showed  slightly  Increased  absorption  (F  =  0.01/  p  =  .91/  df  - 
1/  12).  The  throat  location  was  between  the  two  hotspots  shown  In  the 
previous  postirradiation  thermograms. 


DISCUSSION 

Overall/  RF  absorption  characteristics  of  the  homogeneous  and 
heterogenous  models  were  not  significantly  different/  even  though  the 
surface  heating  patterns  were  somewhat  different.  The  largest  differences 
between  the  two  models  were  found  In  the  SAR  profiles  in  the  eye  and  neck. 
These  two  locations  were  selected  for  measurement  due  to  their  strategic 
Importance  and  Indications  from  other  research  (3)  chat  these  were  areas 
associated  with  higher  than  expected  SAR.  The  eye  socket  has  a  diameter  of 
3.5  cm/  which  is  about  1/4  wavelength  at  this  frequency  (15  cm  wavelength)/ 
and  the  enhanced  SAR  in  the  bone  model  may  indicate  a  resonance  phenomenon 
or  reflections  from  the  muscle-bone  interface  in  the  channel-like  eye 
socket. 

The  SAR  profile  results  in  the  neck  also  show  higher  SAR  in  the  muscle 
tissue  between  the  front  surface  and  the  bone  and  agree  in  direction  with 
the  eye  socket  measurement.  The  deepest  measurement  point  in  this  profile 
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F Igure  7 

SAR  profiles  In  the  neck  of  the  homogeneous  model  (circles)  and  the 
heterogeneous  model  (squares). 


occurred  directly  In  front  of  the  esophagus.  Relatively  large  error 
variances  were  evident  from  the  neck  data.  These  variations  may  be  the 
consequence  of  measurement  in  the  vicinity  of  the  twc  hot  spots*  observed 
In  the  thermographic  Image.  Temperature  probe  positioning  becomes  more  of 
a  problem  In  terms  of  repeatability  near  hot  spots*  and  the  uncertainty  In 
our  probe  positioning  probably  produced  the  variances. 

At  2.0  GHz*  the  man  model  dimensions*  both  overall  and  part  bodies* 
are  much  greater  than  1/2  wavelength*  and  increased  absorption  due  to 
resonant  partial  body  members  was  not  expected.  However*  the  eye  socket 
and  the  neck  region  both  have  dimensions  around  1/2  wavelength  (the  neck  Is 
about  9  cm  In  length  and  11  cm  in  width)  and  the  neck  shows  enhanced 
absorption  In  both  models,  which  can  be  seen  from  the  thermograms.  As 
expected  for  irradiation  at  this  frequency*  the  absorption  appeared 
primarily  at  the  surface  and  decreased  quite  drastically  before  reaching 
bone  or  air  interface.  Since  It  was  also  expected  that  such  interfaces 
would  reflect  energy*  the  enhanced  absorption  seen  in  the  bone  model  may 
have  been  caused  by  reflections  from  interfaces. 
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We  conclude  from  these  studios  that  no  significant  average  SAR 
differences  are  apparent  between  the  two  models.  The  SAR  profile 
measurements  Indicate  Increased  RF  absorption  In  the  bone  model*  but  not  a 
significant  Increase.  It  Is  expected  that  the  results  may  differ  when 
similar  measurements  are  made  for  the  man  model  at  frequencies  nearer 
whole-body  resonance  where  Increased  absorption  could  be  expected  at 
greater  depths  in  the  model. 
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-As  part  of  a  study  of  far-field  microwave  dosimetry  in  the  human  body, 
local  and  average  specific  absorption  rates  ( SARs )  in  a  homogeneous  full-sice 
muscle-equivalent  upper-body  man  model  were  compared  with  measurements  in  an 
uppe*’-body  man  model  also  containing  simulated  skull,  brain  material,  oral 
and  hroat  cavities,  and  vertebrae.  The  irc'suremcnts  were  made  in  the  torso 
and  head  region  at  d.D  Cilia  with  L-polariaed  irradiation.  Qualitative  com¬ 
parisons  of  front  surface  temperature  were  obtained  with  a  thermographic 
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Camera.  Whole-body  SAR  was  measured  with  a  gradient- layer  calorimeter  while 
SAR  profiles  at  the  eye  and  neck  locations  were  measured  using  a  nonper¬ 
turbing  temperature  probe.  The  result  of  these  comparisons  showed  minor 
differences  in  radio  frequency  (RF)  absorption.  At  this  frequency,  the  free- 
space  wavelength  (IS  cm)  is  less  than  the  major  body  dimensions,  and  the 
energy  absorption  occurred  primarily  at  the  front  surface  of  the  model  in  a 
fairly  uniform  pattern.  We  conclude  that  the  interior  composition  of  our  man 
model  does  not  significantly  affect  the  over-all  absorption  characteristics 
at  frequencies  where  the  body  dimensions  are  greater  than  the  irradiation 
wavelength* 
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